Histoplasmosis is a common endemic mycosis in the Americas, often causing severe disease in patients with AIDS. Antigen detection has become an important method for rapid diagnosis of histoplasmosis in the United States but not in Central or South America. Isolates from patients in the United States are predominantly found to be class 2 isolates when typed using the nuclear gene YPS3, while isolates from Latin America are predominantly typed as class 5 or class 6. Whether infection with these Latin American genotypes produces positive results in the Histoplasma antigen assay has not been reported. In this study, we have compared the sensitivity of antigen detection for AIDS patients from Panama who had progressive disseminated histoplasmosis to that for those in the United States. Antigenuria was detected in the MVista Histoplasma antigen enzyme immunoassay (EIA) in 95.2% of Panamanian cases versus 100% of U.S. cases. Antigenemia was detected in 94.7% of the Panamanian cases versus 92% of the U.S. cases. Two clinical isolates from Panama were typed using YPS3 and were found to be restriction fragment length polymorphism class 6. We conclude that the MVista Histoplasma antigen EIA is a sensitive method for diagnosis of histoplasmosis in Panama.
Progressive disseminated histoplasmosis (PDH) is a common and serious opportunistic disease among patients with AIDS in the United States and Latin America. In Panama, PDH occurred in 8% of hospitalized patients from 1997 to 2003 and was fatal in 12% of cases (6) . The clinical picture was similar to that reported elsewhere and usually included fever, weight loss, and respiratory symptoms, often in association with diarrhea, as well as hepatosplenomegaly, hepatic enzyme elevation, and pancytopenia. Skin lesions were noted in 17% of the Panamanian cases (6) , lower than the observed rate for cases from Brazil (66%) but higher than that for cases from the United States (ϳ3%) (7) .
Disease in patients in Mexico and Latin America has been described as being caused by isolates of Histoplasma capsulatum var. capsulatum that exhibit distinct genetic profiles in comparison to those from the United States (3, 8, 9) . Keath et al. (9) first described typing based upon restriction fragment length polymorphism (RFLP) in the YPS3 gene. They showed that Panamanian strains were typed as YPS3 class 3, 5, or 6, while the North American strains were predominantly class 2. Later, Kasuga et al. used the DNA sequence substitution rates in four independent protein-coding genes to identify at least eight different genotypes, or clades (8) . North American class 2 was the predominant genotype in the United States and Latin American group A in Latin America. Latin American group B was found only in Columbia and Argentina. Based on only four isolates from Panama included in the study by Kasuga et al., Panamanian strains included Latin American group A and a lone lineage, designated H81.
The diagnosis of PDH relies on demonstration of the organism in clinical specimens or detection of antigen in body fluids (2) . Histopathology may be falsely negative in up to 50% of patients, caused by sampling error, paucity of organisms, or inexperience of the pathologist. Culture may require several weeks to isolate and identify the organism and may be falsely negative for 15% of patients (13) . Antigenuria can be detected in 95% of cases in patients with AIDS in the United States (4, 13) but has not been evaluated in Latin America. Whether genetic differences in Latin American isolates would affect the sensitivity for diagnosis by antigen detection is unknown. The prevalence of PDH in AIDS patients from Panama offered the opportunity to address this question.
MATERIALS AND METHODS
Case definition. The definition included the presence of AIDS based upon a serologic test positive for human immunodeficiency virus infection, a CD4 cell count below 200 cells/l and/or a previous AIDS defining condition according to CDC classification, and PDH proven by culture or histopathology.
Methods. We collected samples of serum and urine from Panamanian patients with AIDS and clinical suspicion of PDH who were admitted to the AIDS ward of the Arnulfo Arias Madrid Hospital in Panama City, Panama, from December 2005 through November 2006. All of the samples were taken before the start of antifungal therapy, referred to as baseline, and then stored frozen at Ϫ20°C. Samples were shipped in batches to MiraVista Diagnostics on three occasions during the course of the study, according to International Air Transport Association regulations.
We included 21 patients with PDH in the study. The study was approved by the institution's review board and followed guidelines for clinical research. All patients read and signed an informed-consent form before the samples were taken. The investigators also completed a case report form for each patient with demographic and clinically relevant data.
For comparison, paired serum and urine specimens collected at enrollment or week 1 or 2 of treatment from 65 AIDS patients in the United States with PDH who participated in a fluconazole treatment study (11) were also tested. The basis for diagnosis was positive culture or histopathology in 92% of cases and positive antigen in urine in 8% of cases. These specimens were obtained from 1991 and 1992 and had been stored frozen since original collection for a study conducted by the AIDS Clinical Trials Group, in accordance with institutional guidelines for clinical research.
Genotyping of isolates using the YPS3 gene. The isolates were identified based on both the size of the PCR-amplified YPS3 gene (3) and RFLP pattern analysis of the HaeIII-digested YPS3 locus. Briefly, DNA from H. capsulatum isolates was obtained with a MasterPure yeast DNA purification kit (Epicenter, Madison, WI). The primers used to amplify the YPS3 locus were Yps3F (5Ј-ATGCTGA ACATCAAATCGATCTC-3Ј) and Yps3R (5Ј-TTATGCCTCGCAGTGTTTAT AAAGC-3Ј) (3) . PCR was performed using the high-fidelity polymerase Triplemaster (Eppendorf, Westbury, NY) with buffer components provided by the supplier. The amplification parameters were as follows: an initial denaturation step at 95°C for 5 min, followed by 25 cycles which consisted of denaturation at 95°C for 30 s, annealing at 53°C for 30 s, and extension at 72°C for 1 min. PCR products were separated on a 2% agarose gel, and their sizes were determined using a 50-bp DNA ladder (NEB, Ipswich, MA). The sizes of the amplified YPS3 sequences were compared with those for appropriate RFLP class-defined control strains [UCLA531S, RFLP class 1; G217B (ATCC 26032), RFLP class 2; G186B (ATCC 26030), RFLP class 3; JHMA(H502), RFLP class 5; and CFLA(H248), RFLP class 6]. In addition, PCR products were digested with HaeIII according to the manufacturer's recommendations (Boehringer, Mannheim, Germany), and digestion products were analyzed after separation on a 2% agarose gel. The unique RFLP patterns were compared with those obtained from the control strains listed above.
MVista Histoplasma antigen EIA. This method was reported previously (4) and will be briefly described. The test is a sandwich enzyme immunoassay (EIA) using microplates coated with polyclonal rabbit anti-Histoplasma antibodies. Patient specimens and galactomannan calibrators and controls are incubated in the precoated plates, permitting binding of antigen to the capture antibody. Bound antigen is then detected with a biotinylated detector antibody. The microplates are read spectrophotometrically, and optical densities that are more than three times that of the negative control are classified as positive; antigen is quantitated in ng/ml by extrapolation from a calibration curve. Specimens with optical densities that exceed the cutoff for the assay but that are less than the 0.6-ng/ml standard are reported as positive, Ͻ0.6 ng/ml, and those with results exceeding the 39-ng/ml standard are reported as positive, Ͼ39 ng/ml; all others are read directly from the curve. All of the specimens were tested in a single batch. Testing was performed at MiraVista Diagnostics, Indianapolis, IN.
Statistical analysis. The respective proportion of patients with positive antigenuria or antigenemia among patients from Panama was compared to that from the United States by using Fisher's exact test. Quantitative antigen results in serum or urine from both patient groups were compared using the Mann-Whitney rank sum test.
RESULTS
Clinical and laboratory findings. Twenty-one patients with newly diagnosed cases of PDH were enrolled in the study over 12 months in 2005 and 2006. Our patients' median age was 36.7 years (range, 24 to 60), and 90% of them were male (19/21). The most common findings were fever, weight loss, hepatosplenomegaly, hematological alterations, and diarrhea. The diagnosis of histoplasmosis was confirmed by blood culture in 12 cases and by bone marrow culture in 4, and 5 had positive results in both. Four patients died in the first 6 weeks of treatment, at days 5, 6, 14, and 35. Genotyping using YPS3 was performed on two clinical isolates from Panama, and both were typed as class 6.
Antigen levels were similar in patients from Panama and the United States (Fig. 1) . The urine antigen test was positive in 20 of 21 (95.2%) of Panamanian cases versus 65 of 65 (100%) of U.S. cases (P ϭ 0.244). The median urinary antigen level was also similar between Panamanian and U.S. cases, 18.8 ng/ml (range, none detected to Ͼ39.0 ng/ml; 95% confidence interval [CI], 8.4 to 40.0), versus 37.0 ng/ml (range, 0.71 to Ͼ39.0 ng/ml; 95% CI, 26.0 to 40.0) (P ϭ 0.088). Serum antigen was positive in 18 of 19 (94.7%) Panamanian cases versus 60 of 65 (92%) U.S. cases (P ϭ 1.0). The median serum antigen level was 11.7 ng/ml (range, none detected to Ͼ39.0 ng/ml; 95% CI, 4.9 to 20.0) in the Panamanian group versus 17.0 ng/ml (range, none detected to Ͼ39 ng/ml; 95% CI, 9.2 to 31.7) in the U.S. cases (P ϭ 0.155).
False-negative results with serum and urine occurred for one Panamanian patient. He was a 32-year-old with miliary infiltrates on chest radiograph, diarrhea, and vomiting, suggesting gastrointestinal involvement, and a positive blood culture for H. capsulatum.
DISCUSSION
The purpose of this study was to determine if the MVista Histoplasma antigen EIA could be used for diagnosis of PDH in patients with AIDS from Panama. The rationale for addressing this issue was that H. capsulatum strains from Panama were genetically different from those from the United States (3, 8, 9) and thus might also be antigenically different, affecting the sensitivity for diagnosis by antigen detection. Antigen was detected in specimens from 95% of the Panamanian patients, at levels comparable to that for U.S. patients. Of note is that the samples used for the comparison from the U.S. cases were stored frozen for more than 15 years and the Panamanian specimens were stored frozen for 6 to 12 months before testing. We have not observed a reduction in antigen concentration in frozen specimens, as shown by the similar individual levels and proportion that were positive in the U.S. specimens compared to the initial testing of those samples (11) . The two Panamanian isolates that were typed were YPS3 RFLP class 6, belonging to Latin American group A. (8) . In a separate study, we have also shown that antigen was detected in the tissues of mice infected with YPS3 RFLP class 5 or class 6, Latin American group A isolates (1, 5) . These findings establish that the antigens produced by the most common Latin American genotypes of H. capsulatum are detected in the MVista Histoplasma antigen EIA.
We previously noted the sensitivity for diagnosis of PDH in AIDS patients from Panama to be 67% for blood cultures, 51% for bone marrow cultures, and only 24% for histopathology of bone marrow biopsy (6) . The low sensitivity of nonculture methods and delay in diagnosis by culture supports the value of the antigen test for diagnosis of PDH in Panamanian patients. Of note is that specimens from patients with other endemic mycoses are cross-reactive in the MVista Histoplasma antigen EIA (10, 12) . However, cross-reactivity does not reduce the usefulness of the test for rapid diagnosis, since treatment decisions and regimens are similar and in most cases the causative organism can be suspected based on epidemiological or clinical findings or proven by histopathology, culture, or serology.
In summary, antigenemia and antigenuria were present in similar proportions of patients from the United States and Panama, showing the potential use of the MVista Histoplasma antigen EIA for diagnosis of PDH in Panama and probably other Latin American countries.
